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GENERAL OBJECTIVES OF THE PROJECT ON LINGUISTIC ANALYSIS

The central objective of this group is to uncover and formalize

some of the underlying properties of natural language. While o-or

attention is primarily focused on Mandarin Chinese and American

English, the results we achieve from studying these two languages

will be of value toward the construction of a general theory of

language. These resuLt, will mostly tak3 the form of assertions

iegarding the structure of the object language under study (rules in

the grammar) and statements regarding the structure of the metalanguage

used to make these assertions (rules in the theory of language).

Clearly these two types of results are mutually dependent. An example

of a set of grammar rules is the paper on Mandarin syntax. An

example of a set of metalinguistic statements is Fillmore's paper

on "traffic rules" in a grammar. Both of these papers are in POLA

No. 3.

A complete grammar of a language will contain a set of rules

Which will generate all and only the sentences of the language with

their corresponding structural descriptions. This is an ideal toward

which we strive in our analysis of Mandarin and English. In the

process of grammar construction, we aim to formulate rules that are

precise enough to be programable onto a computer. Such precision is

necessary for making explicit the metalinguistic assumptions which

underlie the grammar and for the latter to be evaluable for overall

economy and consistency. When properly formulated, these rules

should correctly describe ouch noti.ns as grammatical ciguity and

relationship among sentence..

For the construction of a comprehensive theory of language that

can explicate the ability to use language, i.e., to analyze, produce,

understand and paraphrase sentences, extensive knowledbz in the

area of semantic analysis is needed to bupport the grpmnnatical know-

ledge. In order to effectively anderstand our ability to translate

between languages, further transfer rules would need to be developed

in terms of which relations can be established dmong oine Zamamati c;

semantic structures of different :guages. We feel that any successkd



simulation of linguistic'processes, such as sentence recognition

and translation, will ultimately need to oe based on such a

comprehensive theory of language.

The kind of research that we have been pursuing will provide

a gramma:ical basis toward the construction of such a theory. Al-

though we have not yet actively extended our work into semantic

analysis and transfer rules, our present research will lead into it

in a natural way at the appropriate st;,ge in its development. At

hat time, the close associotion that has been maintained between tie

development of the two grammars will prove to be especially valuable

in discovering the transfer rules.

A part of our overall effort has been directed to the improve-

ment of communication and cooperation between ourselves and other

groups working on related problems. There exists a healthy situation

in the case of people working on English grammar and linguistic

theory from a rigorous point of view, and interchange of information

is free and effective.

The picture is very different with work in Chinese grammar. While

there is massive and vigorous activity on Chinese grammar and linguist-

ic theory in the Communist countries, especially in China, a dis-

proportionately small amount of this work is available in this country.

In addition to the political barriers which cause de±ays and mis-

carriages in the mail, among other inconveniences, there is an

equally serious obstacle even with the available materials. This

is the problem of understanding each other's work through the maze

of different linguistic frameworks and terminclogies. Here the

mutual intelligibility of the ,arious dialects of Linguistics is

very low. Nevertheless, we feel that we can learn much from the

activities abroad which, at least in the area of Chinese grammar,

exist on a much grander scale than in this country.

To create better channels of technical communication, we have

compiled a bibliography with glossary, POLA No. 5. Some f the

translations we have made from Chinese and Japanese into English

appear in POLA No. 4. POLA No. 6 contains tables and algorithms

for converting among the various systems of Mandarin tianscription.

- ii -



ive are also issuing a book in Chinese, entitled Bi~nhubnlU Y~fi

LlIn, which contains the theoretical framework of our research.

This book is in large part based on Chomsky's well-known Syntactic

Structures.

On the nex: page is a list of technical reports which have been

or will be sen: out shortly. The purpose of distributing these

reports is twofold. One is that it gins us a quick method of

making known our results to a restricted audience without the nec-

essary delay which goes with journal publication. These reports

also permit the distribution of materials which are not suitable for

inclusion in a journal article, such as large amounts of data. The

other purpose is that we will be enabled to receive comments and

criticisms on our work, and perhaps incorporate these therein, be-

fore submitting some of the results for publication in open litera-

ture.

W. S-Y. Wang

March 22, 1963
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PuLA No. 1: C. J. Fillmore, Indirect object constructions in English

and the ordering of transformations; 49pp, February 1962.

POLA No. 2: W. S-Y. Wang, Synchronic studios in Mandarin grammar:
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MAND.iIii PHONOLOGY*

W. S-Y. Wang

This paper is a discussion of -esuarch now being pursued on kaidarin phono-

logy at the Ohio State Univrsity. Th. discussion 'ill be in three parts.

First, some comments will b, given on the theoretical framework which underlies

our efforts. Secondly, I will report on the methods we have used in taking

accoustical nasurcments on th, syllable-finals and our accomplishments so far.

Thirdly, thc results will bt presented of a psycholinguistic experiment that

was recently performed to dtenine the phonemic distinctness of certain tonal

phenomena. It will become evident that these three parts of the present dis-

cussion are all oriented toward one central goal--the construction of thu simplest

phonology for Mandarin.

As is well-knon,the conc.pt of simplicity houses many variables which are

ill-defined and subjective. Clearly, we do not want our phonology to be simple

at the expense of making the rest of the grammar complicated. For our present

purposes, let us assumae, falsely to be sure, that the syntax will not be affected

by the decisions made in the phonology. The simplest phonology then will be

the simplest conjunction of (1) the basv forms of all the morphnems in some

economical representation, and (2) the phonological rules which can convert all

grammatical concatenations of these morphemes in their base fo-n into the correct

physical signals of speech.

Although the state of knowledge in phonological studies does not permit

the making of a definite clim, it seems that such a phonology is really a partial

explanatory model for our ability to speak. Here i am limiting this ability

to "how to pronounce a given :xprez.ion in th. language." Tat is 'o say, the

phonology sould be able to convert 2 which is in a morphophonemic representa-
tion into (2) which is in a narrow phonetic representation.

Syllable: 1 2 3 4 5 6 ? 8 9
(1) Zhti-ge "lin"-zi, shi IMo L1 xi6 de..i, ,u 1.i-

(2)#dCe galzndz4. lac da#

rAversion of this paper was read bcfore a secti, meeting of the '!-'iern
Languages Association, December 1962, Washington, D. C.



qome olf Lhe. matters th-At the plionclogy wonild ned to t.akt; cari- of ir. thiz

exanple arr the: ollowi,%: Tho last sound in syllable 1 Ls a c-lide toward t.12

tiigh-frort position whose amplituac is lower than that for vowels. Al.though

the coflaonaz.t in syllable. 2 J:- &iutly unvoin, d, in thte Present context, tht..t ic,

intervocalic and unstr.ssed, it b-.coines voictd. In syllable 3, the vcwJ is lax,

i.e., "I". whereas it would be tons, i.f it were not followed by a nasal, a f. thV

on,. jr, 7y~b3.. FDirtn--=,i, we know thac tnie naeal is acute rather

th. .2 f':! 4t ht-s -.bout thL oxne dur- tion ac- the preeding noncompact vow-,!.

'dcor, th,- n--tsl is igra%%, 5aV -;r in Ij.t 1 it is usually two Cr three times

.±anscr thatn tepre~ceding vowiel. ThMe high vowels in S.Yllables 4 and 5 may be

j. lhe tone; 3 i-n io changtes into a tone 2 because it is followed by

inother tonL 3 in the szane syntactic construction. As we shall see later, thirE

do:-ilid tone 2 is not diatinguishable from the reGu2.qr tone 2 under norm~al cir-

cumstance.s. Syllablh 7 may alno ch-ing~a inlo tone 2 in more casual form-- of

speecch.

Zae vxten.t to w~hich we could rat row down on the; notation in (2) depends of

course on the amounit of physical information tie hav, available. 'rie more

narro~i, or th.e mor.- pze:i.Se, our phonctic notation, Mi. closer we come in linking

thcbc m!a-rks on p.3pr to th, rcal world of tpecrh sounds. And until we are able

to D--rfom this last step, -:iy with a speech synthcsiz..r, the phonology will not

have been validntt-d in the tics:sne This is th,: motivation for enlarging

our fund of knowlecd. zwout the basic phvSical prorp. rtic- of Mandarin speech.

C'a th( othe-r hand, the, specification of the base form of the morphemes ought

to Inc as si.-ipl-e a possible. it is well-knotwn that ma,-n is quite limited in his

ability to proc-.rs: lnforntion. ThiZs limitation is ir termsc of both CiJscriaina-

tion azong and r,-membrorncL of sin .Yet tht. Afrount of physical information

contained in tht speech wavfe that h-o produe~s is extremerly high. If we qiuantize

M., wave into 128 lev.:s and somple it 8000 times per second, which is equivalent

to thv capacity of a channel of b-tndwidth 5 kc ,r.d a signal-to-noir-? ratio of

30 db, then, thr information acewu at 56000 bits p'-r second.

This 3s clearly much too high f'or the speaker to bL able to dc'l-beictely

se--nd, or f'or zlhe hearcr to proce:ss efetvl.-In a jensc, pn~of the task

of th.. phonologist ic to sort all this informatio:. -:-.to thre kinds: ()thn

kind that is predictaole from knowl.edge about the human speech.~ca (2) the

kind that is nrodictable; from knowledgo abcut the la'iguar.1, and (3) the kind



is not predictable. (1) includcs those properties which I hzve elsewhere

called intrinsic, and form a subsat of the phonological univcrsals of language.

(2) includes those propertics, calle l extrinsic, which the particular language

assigns to the "peuch wave. To a largo extent, what we learn is (2) when we

learn the "pronunciation" of a particular language.

In order to reduce the amount of information contained in the base forms,

and thereby make the phonology a more plausible noCel in view of the himan

limit.itions in handling information, we must make sure that only information of

the third kind is specified. Since (1) and (2) are not based on any decisions

made by the 9peaker (nor do they necessitate prolonged attention by the hearer),

J.hey mny be inLroduced by the: phonological rules. Thus, according to this model,

the only phonological information that the speaker and/or the hearer need to

process is the third type.

Assuming an average transmission of six syllables per second with fifteen

bits of information per syllable, the information rate is only 90 bits per

second. This is not too unreasonable a figure since the language is simultaneous-

ly redundant at many levels.

This approach also turns out to agree quite well with a rather straight-

forward conception of simplicity, namely, ceteris paribus, tho grammar with fewer

restrictions (or shorter grammar) is simpler. If many morphemes all obey a

certain restriction, clearly we would obtain a simpler grammar by stating this

restriction just once in a rule rather than by repeating it in the base form of

each of these morphemes.

One of the beautiful aspects of the phonological systems of natural languages

is the correlation bttween distributional classes and phonetic classe, of sounds.

This means that many classes of sounds, for which we want to writc phonological

rules, will share a set of phonetic features that is not shared by other sounds.

Furthermore, it is more. economical to specify such sounds as a classthan to

specify any individual sound in the class. This is necessarily so since for the

latter we have to additionally enumerate those features that this sound does

not share with the phonetic class of which it is a member.

These two observations lead us to conclude that we should u~e some collection

of phonetic features as our basic unit both in the coding of the bas, forms of

the morphemes and in the statement of the phonological rules. The notion of

"phonetic feature" has existed since antiquity, and toere are many collections
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aval,'t. which arv int nded to b, exhaustivw for use on natural languages.

For our resarch, wL htvv accepted th, collection of distinctive features

proposed by Jakibson and his associat<s.

Part of our present rest.orch on Mandarin phonology consists of searching

for the most economical coding of the bast forms of the morphemes and the asso-

ciated rulbs. Our uxperience so far is that for an average syllable, only some

fifteen distinctive features ncd to be specificd in thu base form. In an average

fuly specified syllable, th. number ,f fveiturcs mentioned is around forty. The

convwrsion from th. minimally required features to the full specification of

features in the syllable is the function of phonological rules. These rules

-.,,il probably includ. the followii.g types:

(1) RS rules--those which add the retroflex suffix and effect a change

on the final of the syllabl( ;

(2) SV rules--thosc which chang(: vowels in certain positions to glides;

(3) RD rules--those which reduplicate syllables;

(4) SA rules--those which assign stress;

(5) TS rules--those which provide for the correct tone sandhi;

(6) TP rules--those which place the tone on th, proper portion of the

syllabl.

Although this part of our research is far from being completed, it is clear

that for the purposes of simplicity, curtain groups of rules as well as certain

rules within groups ncd to be ordered in their application. For instance, the

tonal value of a syllnble is marked at the front end of the syllable in the

early part of the phonology. Some of Lhe re.asons for doing this ae as follows:

We c)n save a faturc in specifying th,: high rising tcn;. for syllablk.o beginning

with m, n, 1, and r since these syllobl-os do not occur with the high level tone;

all we need to do is specify thu highness of the tone and put in the "nonlevel-

ness" by rule. Morc importantly, placing the tone mark at the beginning of

the syllable greatly facilitates the ruic for reduplication. Conseauently, the

rules for tonv placement must apply after the two above considerations have

been taken care of.

Since this kind of phonology is stated precisely, its rules are easily

amenable to being mechanized. We hope to program :ee rules, after i-iey are
-0mr1-t-4, ort a -rmpuptr-r for ovw-rall validation.
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Afte;r thc application of' some of the phonological rules, when the syllables

art, a1i sp, llid out in fully specifi~d sgm-entc, th, Job is about half done.

It remzains to find out what are; th, physical proporties, in te.rms of frequency,

Lurplitudu, arnd 'SIme,that ark. rvpr~s~nt~d by thvs,. fcaturcs. If' we connected a

synthusizcr with the comnputer prograim seLioned above, then the phonology would

bo comnplet,, with hardwar,. The input would be the incomplcte.ly specified base

form rtpr~ s,.tAtions of the- norp ira~s and the. ouitput would be Mandarin spee;ch.

T ;complish the latter ha±I' of' this job would of course require a great

de-al of physicil infora-tioa i bout Mandarin speech. Since the birth of acoustic

phonetics in th,. middlc 1940's, much knowltdge has bee-n gathered about the

p~hysical naitur,. of English, Ruosin, Freach, Japanese and Swedish. Unfortunately,

such information is suve-riy lacking for Mandirin. In starting out to gather

such information, we have begun with th, citation syllable- in a fixed frame.

Thcre arc 119.2 such syllables. The1 framc sentence we have chosen is thll. follow-

ing:

(3) ZhA-i-go X-zi shi L~o Lil xi~dc,

where X occupies the. position of the citation syllable. Six informants of the

Peking dialect (3 men and 3 wome-n) read these onto tape under controlled acoustic-

-il conditions. This repre sents 'a total of some 15 hours of tape recording.

The frame was use-d for the obvious reason of maintaining constant the

gross properties of speech, such as pitch, loudniess and rhythm.

To date,the re cordings of one of thQ informants have been completely

muasured with respct to th( folloviin6 parameters for the citntion syllable:

the- freque-ncies of the first thrue- formn-nts and the durations of the syllable,

the sylla-ble final, and the sentuncL. Tho forma-nt frequen-cies wore vstim. ed

from broad-band sonograms -tnd narrow-b, id amplitudu sectio;ns;. We havc tried to

tAke at least on, set of formant measurements for e~ach vowl1 in the syllable.

Thus for on . informant, we have taken some 10,000 measurements for the parameters

mentione-d. Some of these measurements are, prosunted in Appendix I of "Vowel

Formant Values!Y on p.12 of this rwport.

It is of course quite difficult to master the significance of - 11 these

numbers unti) afte.r we have properly coded then for easy nianipoe- tiun. We might

me.ntion one observation that is quite striking th' ft pertains to the durational

ratio of the vow-al and the nasal in the syllable final. When-o the: vow--l is

followed by an aivcolar nasal, it is about as long as the nasal. However, if the
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folowng nasal is vw.ar, thvn the vowtl may be only one-fourth as long. This

property is definitfly part of the t.xtrinsic systvm of Mandarin phonology. In

American English, for cxamplc, the opposite is reported to be true, although

the ratio does not differ nearly as much, This observation ties in very well

with the phonoJogical rules of retroflxion: while the alveolar nasal completely

disappears whcn followed by the retroflex suffix, the velar one does so only

after nasalizing the preceding owel.

Any research on Mandarin phonology has to take into account the complexities

of 'he voice pitch. I.. ar -t prcsvnt investigating thu feasibility of various

schemes ofx pitch extraction in order to avoid the great demands on time were

we to do it with th, Sonograph. It is clear however that on a gross level,

we noed to ascrta in thos. pitch or tonal phenomena in thu languagu which can be

consif;tcntly distinguished. In this connection, we have conducted a small scale

psyc!iolinguistic experiment to investigate the question of whether tone 2 nna

ton, 3 ire consistently distinguishablh from each other when they occur before

another tone 3. A detailed description of this experiment can be found elsewhere

in this report. (see "Tone Perception Experiment", pp. 19-26)

We can now say with a good deal of confidence that we cannot consistently

distinguish tone 2 from tone 3 in this environment. No one has scored better

than 62% corrcct, and this includes the irformants themselves. Furthermore,

there is littl. correlation between these scores with either the initial or

the final of the test syllable. This last finding is somewhat disenchanting

since we had expccted a good correlation with the finals, especially with the

mid voweld. A good positive correlation was found, however, between identifi-

ability ond meaningfullness.



VenEL FORMANT VALUES
R. L. Brotzman

Objective:

The objective of this research is to determine the steady state values

of the first three formarnts of Mandarin Chinese vowels. Inasmuch as spectro-

graphic analysis was used to gather these data, other information is readily

available should it become desirable to investigate additional properties of

the 4coustic signals involved.

Intrnduction:

'hroughout this report, the synbols used will be those assigned by Law-

ton M. ilartman, III1 unless specified otherwise. In appendices 1 and 2 the

first symbol group of each set of data is in the Hartman notation with the

target vowel underlined. Beneath this, in parentheses, is listed the IPA

symbol for the target vowel felt to be most appropriate by W. S-Y. Wang and

the author.

Procedure:

The 1192 citation syllables of Mandarin Chinese were assembled and

arranged in a matrix of initial phoneme rows and vowel columns. A listing

of these 1192 syllables is given on pp. 27-33. The structure of the c1ta-

tion syllable is illustrated in Fig. #1.

INITIAL FINAL TONE

Initil WDa1el
co nsonant r________ ___________

Figure #1
No syllables were included with the --er suffix, which is very common in Man-

darin, thereby eliminating all nasalized vowels of the language. These syl-

lables were read from characters one time each by six speakers :f Mandarin

Chinese. The linguistic background of each of the six infowuiants is as

follows:

"The Segmental Phonemes of the Peiping Dialect", published in Readings in

Linguistics, 1958, Martin Joos, ed.

-7-
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?'nfor- Sex Age Chinese Place Elem. High College Dialect Proficien-
mant Dialect of School School spoken cy in

Birth at home English

#1 N 31. Mandarin Peking ?eking Peking Peking/USA Mandarin Fluent
#2 F 34 Mandarin Peking Peking Peking Peking/USA Mandarin Fluent
#3 M 29 Mandarin Peking Peking Taiwan Taiwan Mandarin Fluent
#4 F 50 Mandarin Peking Peking Peking Nanking Mandarin Good
#5 F 45 Mandarin Peking Tientsin Peking Peking Mandarin Good
#6 M 32 Mandarin Peking Shanghai/ Shanghai/ Nanking/ Mandarin Poor

Peking Chungking Taichung

Eac, ,Yllable was read in the contoxt of the carrier sentence "Zh~ige

zi shi lo L! xi5 de" (Pinyin system), which means, "This word was

written by Mr. Li." The recordings were made in a sound-Froof recording

-oith, and, in all cases except fcr informant #5 were made in a single sessici

for each individual, the session lasting approximately 1 1/2 hours with a 10-

15 minute rest midway during the session. "Scotch 17511 tape was used in all

recordings and was recorded full track, at 7 1/2 i.p.s. on an Ampex 351 re-

corder using an RCA 77-DX ribbon microphone with all informants except infor-

mant #3 who used an E.V. 666 dynamic microphone.

In the analysis process the tape was played on an Ampex 601 recorder, the

electrical signal was passed through an impedance matching box and into the

recorder circuit of a slightly modified "Sona-Graph". Broad band spectro-

grams were then made of each sentence on the tape, and, for informant #1,

narrow band sections were madg at tcrget positions of the vowels, i.e. one

section if a monothong, two sections if a diphthong, etc. Information record

ed from the spectrograms was as follows: (a) Sentence Duration (b) Vowel

Segment Duration (c) Duration of Nasal Consonant Following Vowel (d) Fre-

quency values of F1 , F2 , and F3 for each vowel discernible in th E target wore.

In the initial stages of the analysis of informant #1's speech, wide

band sections were made of the vowels. This procedure was discontinued since

the wide band sections did not contribute to the location of formants.

Midway through the processing of the speech from male informant #1, it

was observed that the sectioner of the "Sona-Graph" was not giving a displuj

for the temporal point desired but was sectioning early by appr ximately 10

milliseconds. At the same time it was noted that the left £,argin of the sec-

tion display was uneven. These two difficultic- were eliminated by strength-

ening the return spring on the mechanical micro-switch which operates the

sectioning gate.
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In the analysis of female informant #2's speech, only broad band spec-

tro6.-'rs are being used, a decision having been made to no longer take narrow

band sections of the vowels. This decision was based on a test comparison

between formants determined from broad band only, and formants determined

by broad band spectrograms plus narrow band sections. The improvement in

accuracy from using narrow band sections in addition to the broad band spec-

trograms was negligible and within the accuracy limits of the "Sona-Graph"

device. The narrow band sections were therefore discontinued to reduce the

large amount of time that it takes to process speech by spectrographic analy-

sis. In analysing the high pitched speech of informant #2 it was found that

the higher formants were so attenuated that they were no longer evidenced on

the spectrograms. As is well known, this problem is quite common with a fe-

male voice. It was therefore necessary to build and install a pre-filter

which high shaped the electrical signal prior to entering the "Sona-Graph"

recorder circuit. It wab then possible to obtain clear representations of

higher formants without having the low frequency area excessively burned and

obscured.

An attempt was also made to obtain reasonably accurate formant values

from narrow band spectrograms of female informant #2's speech by modifying

the narrow band sampling circuit of the "Sona-Graph" to increase the auto-

matic gain control effect on the output. After a series cf adjustments this

project was abandoned as impractical.

Results:

As might be noted on Graphs 1 and 2, the mid vowels of Informant #1

tend toward being central rather 'han markedly front o- back. 41so, the

phone represented as an unrounded -entral, mid, close, retroflexed vowel

might be better represented as an unrounded, back, high, close, retroflexed

vowel on the basis of the speech of informant #1.

It might be mentioned that there are considerable differencas between

the notation used by Hartman and the IPA notation listed below these symbols

in the appendices There are ins~ance3 )f calling "different" Hartman sym-

bols the "same" sound, and conversely, calling "sam" Iartman symbols "dif-

ferent" sounds. Although the IPA judgements were not made oz. in.. basis of

the speech of informant #1, but rather on the speech of other native speakers

of Mandarin, the physical measurements of informant #1's speech wc'1d seem

to support these changes.
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In addition to the vowel formant values extracted from the speech of

informant #1, a preliminary analysis was made on the relation between vowel

segment duration and the duration of the following nasal consonant (/n/ or

IV//) The results of this preliminary analysis are presented in Appendix

#3 but, like all results presented in this paper, must be understood to be

highly tenative due to the limited number of samples which wcre available

for analysis and the fact that all data came from'n Ainglc peaker.

As can be observed in aplendix #3 there is no marked effect upon the

ratio of nasal ending duration/preceding vowel duration as a function of

tone. It therefore appears that although vowel duration is a function of

tone, the nasal endings are similarly affected by tone so that the ratio is

preserved. One apparent consistency is that the ratio for the velar nasal

is always larger than the corresponding ratio for the alveolar nasal, the

difference often being approximately a factor of 2. It also appears that

the ratio decreases as the amount of physical movement necessary for vowel

production increases, as might be expected.

Another preliminary analysis was made to determine the effect on "final"

duration due to tone, initial, terminal phoneme, and the number of vowels in

the syllable aucleus. Duration of the final (vowel plus terminal nasal, if

any) was normalized with respect to sentence duration for all syllables for

which all four tones were present and these ratios were investigated. There

were a total of 540 syllables (135 for each of the four tones). To investi-

gate the effect of the initial phoneme, these 540 syllables were divided in-

to five groups: those beginning with plosives, sonorants, fricatives, affri-

cates, and vowels, and the average ratio for each group was recorded. To

investigate the effect of the te.rminal phoreme, the sanples were divided

into three groups: those ending "a. vowel, /n/, or / /, and the average

ratio for each group was recorded. To investigate the effect of the number

of vowels in the syllable nucleus, the samples were divided into three group

monothongs, dipthongs, and triphthongs. The only further div.; 4 on made was

on the basis of tone.

The results of this analysis were rather inconclusive buz the following

generalities appear to be worthy of mention:

(1) The normalized durations of finals for tones 1, 3, a : averaged

approximately the same.
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(r) The nornalized durations of finals for tcne 2 averaged approximate-

ly 10% longer than for the other three tones.

(3) An initial plosLve serves to reduce the final duration.

(4) Having no initial serves to increase final duration.

(5) In order of increasing duration of final:

(a) Monothongs (b) Triphthongs (c) Diphthongs

In (5) it might appear that (b) and (c) have a rather unusual order

but this can be explained by tie fact that triphthongs can never take a

nasal onding whereas diphthongs frequently do.

Note;

All data from this experiment as well as notes and figures on the pre-

liminary analyses are kept on file at this office for future comparisons

with larger samples of data.

The figure of 1192 words differs from the figure given in previous publi-

cations (1178) due to the fact that fourteun words ware added after the basic

table wis compiled.
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Appendix #10

Formant No. of - , r F1  801 47
Froqu.niicy Samples F 1235 56

('~) 2
F1  858 39 F, 2341 51

S F2  1213 52
F, 2338 44 -wa.j F1  685 15

(/1%) F2  1114 20

_ja F, 876 12 F3 2045 11

V, F2  .247 15
3 230 12 "J ': F1 743 18

3F
2  1329 20

F, 855 16 {a) F3  2335 15

F2  1222 17

F3  2295 13 -n 446 32
(F2 1649 32

F 1  838 47 F_ 2474 29

F2 1332 49

Fa) 3 2309 44 -yan 1  1481 133 F; 1474 15

FAw , 783 48 F3 2331 7
F2 1154 61 F 764 23

F3 2195 52 -wan F 764 303- F 1320 3

-j ,w F1  642 33 F3  2333 23

'A) F2  1174 35
F3 2196 26 -F 1 467 34

SF 2  1199 34

-1aj FI  728 14 F3  2165 32

F2  1278 16
a; F3  2252 13 -jE F1 462 31

S F2  1653 29

-an F1  858 59 F3  2552 22

F2  1327 63

F3 2340 - 468 55
F 109" 55

F, (2219) (41)

2340 33
*Data from Male Informant #1.
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Formant No. of F1  448 43
Fruquency Sainples

F2  1199 44

S 1 446 14 3  2195 41
F2  1 557 13 (2726) (8)

F3  2357 9 2085 32

wO, F1  475 2
F1 484F

2  1265 2
F2  1652 17 (3)
F3  2492 18

F1  465 47 -z' F 326 10

-w F 1 0 F2  1132 10

2 113F3 2750 3
(o) 1024 42 3

F3  218 22 _ . F!  332 13

- 1  330 1 ( F2  972 10

1. F2 1000 1 F3  2103 6
F3  (1600) 1
3 F1  277 42

-woj FI  437 10 F2  2015 40

e F2  1872 9 F(3  3128 33
e) F 621U F 333 66

-wlj F1  396 8 (U) F2  937 62

F 1911 7 , 16o4 23
2 -

3y F1  269 20

F1  443 ,,6 1907 20
F2  1396 Y) F3  2354 14

) F2  2196 27

F., 2196 27 -in F1  294 25

wn F, 336 3 F2  (923) (21)

F 1400 2 Ci) 1977 24
a; 3 e025 2 F 2777 18

-wFn F1  48 -F 291 12
- i (9?0) (8)

F_ 1268 4 (Y) 1 5i 1

F3 2083 3 F 2425 6
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Formnant 1,:). cf
Froquoncy Snl.plu;

F1  304 37

F2  (930) 30
2 1980 31

F.
3 2799 29

F1  397 33

F2  1077 37
F3  1916 16

i 316 11

F2  948 11
(u) F 1923 7

3



-15-

Appendix #2*'

Fox.aant No. of F LL5O 3
Frcquency Samples -ow 1F2  1030 3

_ F 1319 15 /o) F 2 3113 3

F 1 1684 
l3

2
F3  2746 (- F 1056 9

F 1434 8

-u 1 F 2860 4
F2 950 11 3

(u) F3  3500 2 F, 634 7

f, 2255 9
F1  975 13 2

1F3 3105 10
- F2  1485 13

F3  2191 7 -1j F1  1200 9

F2  1763 10

S 1242 133 2602 9
F2 1673 12

F7  2755 10 F1  1006 8

F 1  915 13 ) 2 19(0 2

-2n F. 3125 2
F2 2072 13

F3  3076 13

-an F1  1122 13

F2  1771 13

F3  2822 12

*"iDta from Female Informant #2
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Appendix #3

Report *n ratio of nasalized ending duration/preceding vowel duration

The data for the results listed below were obtained from the spectro-

grams cf the speech of informant #1. The word "ratio" will refer to the

ratio of nasalized ending duration/preceding vowel duration. All grouping

of vowels by vowel position is based on Hartman's notativn. Also in this

appendix, the word "monothong" wil£ -?for to a single vowel such as /i/ or

/a/ .;hereas the word "diphthong" will refer to a combination of vowel plus

semi-vowel such as /ja/ or /aj/.

I. Nasal Tone d of Samples Average Ratio

n 1 28 .8666
n 2 28 .8061 (Data taken only from
n 3 28 .7979 syllables in which all
n 4 28 .8109 four tcnes were present

1 21 1.4082
2 21 1.4309

V) 3 21 1.4820
4 2] 1.2551

ii. Overall ratios comnared:

Nasal # of Samples Average Ratio

n 270 .8845
230 1.7266

III. Average ratios as a function of vowel position for monothoags:

Vowel posit Lon Nasal # of Samples Ratio

High n 55 1.2228
High 9 57 2.1655
Mid n 49 1.1793
Mid 56 2.6528
Low n 65 .7184
Low 53; .9326
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IV: .--rage ratios an a function of vowel position for dipthongs:

Vowel position Nasal y of Samples Ratio All Diphthonrs

High to Low n 70 .6070 Nasal # of Ratio

9 40 .8394 Samples

High to Mid n 38 .7083 n 108 .6426
9 15 .8946 9 54 .9920

Front to Front n 24 .5677
6 .8277

Back to Back n 50 .6005
22 .8618

Back to Front n 14 .9493
U 2 1.0955

Front to Back n 20 .6232
25 1.1377
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Ml 3 scale Phonms aro in IPA notation Data from Informant #I

Graph #1
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SI cF- "'

"es

Finals aro in IPA notation Data frro Informant #1

Graph #2



TONE FIRCE-Tht 7: EXPERIMENT

K. P. Li

Introduction:

In Mandaxin Chinese, whenever a tone 3 is followed by another tone 3, it

becomes a modified tne 3 whose quality has long been a subject of debate. To

most poople, this modified tone 3 is not cleirly distinguishable from tone 2.

However, somc linguists have su gestee that it.: pitch may be on a lower level

th,.z %.aLt of tone 21 This experimc.t has been designed to determine whether,

1: 'act, native speakers ar able to distinguish between this modified tone 3

and torne 2 in a controlled environment..

Procedures:

A set of disyllabic pairs, with varying degrees of meaningfulness, were

chosen. The forms in each p' ir were phonemically identical, differing only

in the tone of the first syllable: tone 2 in the first of each pair, tone 3

in the second; the second syllable was always tone 3, e.g., mgi-m ( ., bury

a horse) m~i-m ( A,> buy a horse); yd-f (2' law of fishing) y6-fa ( :-4
syntEx). 130 such pairs were collected (see list in Table IV).

Two Mandarin speakers (No. 2 and No. 3 in table on p.: 8) were

chosen to make recordings2 of a list in which each disyllable of each pair ap-

peared twice in random order, yielding 520 items read. Corresponding to each

item was a pause of about 3 s(conds during which the listener was to make his

decision and circle the appropriate disyllable. Both the reading list and cn-

swer sheet wcre written in Zhinese charactcrs.
3

Before administering the actual tcst, a sample test of 10 sirrarvt

1See Hockett,C. F., "Peiping Morphophonemics," Language 26 (1950), pp. 63-85,

and Martin, S. E., "Problems of Hier'chy and Indotermina y in Mandarin Phonol-
ogy", BulltiL of the Institute of Histcry and Philology, Academi' 0inica,
. 29, Part I, pp. 209-230.

2 The acoustic conditions for recording w r,. the sane as those shown on p. ,8.

3An answer sheet ini the Pin-Yin RomanizaLioj system hxs been prepared, but
we have not an yet haO any subject use it.

-19-
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Table I

Listener No. of Correct No. of Correct Total No. of Percentage of
Responses Responses Correct Correct

for Tone 2 for Tone 3 Responses Responses

1. 117 t4 261 50.2

2. 128 135 ()* 263 (1) 50.7

3. 149 110 259. 49.8

4. 137 138 275 52.9

5. 161 112 273 52.5

6. 184 (4) 93 (6) 277 (10) 54.3

7. 132 135 267 51.3

8. 107 (50) 108 (51) 215 (107) 52.0

9. 172 113 285 54.8

10. 126 130 256 49.2

11. 171 105 275 52.9

12. 135 134 269 51.7

13. 141 126 267 51.3

14. 144 138 282 54.2

Total 2004 (54) 1721 (6..) 3725 (18) ,2.0

Speaker 209 87 (4) 296 (4) 56.9%
No. 2

Speaker 131 209 340 7.3%
No. 3

*The number in parunthcsis represents the number of undecided.
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Table II

Tone 2 Tonc 3

Final of No. of No. of No. of Un- No. of No. of Un- Total Percen-
First Pairs Correct decided Correct decided tage of Cor-

Syllable Responses Responses rect Responses

-iu, -ou 6 122 3 61 2 55.3

-iou 7 136 4 100 3 61.2

-uo, -o 9 164 3 93 4 51.6

-ai 5 76 4 53 2 47.1

-ao, -iao 8 103 6 128 3 52.5

-i 17 210 6 280 11 52.4

-u 14 227 4 165 9 50.9

-ei 3 34 1 52 1 51.7

-U 4 46 0 72 4 53.7

-a, -ia 8 98 4 118 3 48.9

-Ue, -ie 3 24 0 62 1 51.5

-er 1 7 1 19 0 67.7

-z 1 23 1 6 0 52.8

-ian, Uan 10 144 " 3 140 5 51.4
-an, -wan ]O 162 119 49.5

-iang,-ang 11 189 5 119 6 50.9
-wang
-ing, Ung 5 89 2 53 2 51.5

-en, -eng 3 56 2 31 0 52.4

-in 2 25 1 29 0 48.6

-un, -ung 3 69 1 21 1 54.2
-Un

130 2004 54 1721 64 52.0
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'isyllables, with cither different tonks or different consonants (also listed

in Table IV) were arrangcd for testl-'g the recording conditions and the dialect

background of the listeners.

Participants:

14 Chinese Mandarin instructors (12 men and 2 women) of the Institute of
4

Far Eastern Languages at Yale University were chosen as listeners. The two

speak rs also took the test, eaca listening to his own trpe.

Results:

Only three of the 14 listeners had one error each in the sample test (an

orror percentage of 2.1%); the others had none.

From the test itself, the total percentage of correct responses for dis-

tinguishing modified tone 3 and t'ne 2 was only 52.0%. The number of correct

responses and the percentages for individual listeners and for the different

finals of the first syllable are shown in Tables I and II respectively. The

results of the speakers themselves are better (56.9% for No. 2 speaker and

67.3% for No. 3 speaker). However, even these percentages are low from a sta-

tistical point of view.

All disyllable pairs were then classified into three groups (shown in

Table IV ). Group A contained 45 pairs. In each pair, the members were judged

to have an equal degree of meaningfulness and of frequency of ,ccurrence, e.g.,

fen-chang ( i , grave yard) and fen-chang ( .. Pflour factory); niu-ying

cow's shadow) and n1u-y'ng (I twist shadow). Group B consisted of

40 pairs in which the disyllable with tone 2 had a higher degree of frequency

of occurrence than that with tone 3, e.g., c~o-fu (t/j/' hell) and c~o-fii

grass rotten); zhi-jiao (ape
C ' J _ M right angle) and zhi-jiLa (?'\ paper

corner). Group C contained 45 pairs ±n which the disyllable with ton 3 was of

more common occurrence, e.g., b-i ( nose beauty) and b-mi W:

beauty competition); you-hao ( oi good) and y'u-h3o (t friendship).

The percentages of correct responses for each group is shown in the ±ollowing

table:

4 We wish to express our appreciation to the Institute of Far Fstern Langua-
gos of Yale University for their help.
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Thblc III

correct respozisc correct respoqse total correct
as tend 2 ed as tone 5 response

in % in %

Group A 57,9 46,6 52.3

Group B 82.0 25.7 53.8

Group C 30.7 69.5 50.1

Total 55.9 48.1 52.0

Conclusion:

From the results of thu vxp.ricment, it is evident that Mandarin speakers

are not able to distinguish a modified tone 3 from a tone 2, even in the case

of speakers listening to their own recordings.

Furthcrmore, from the results of the grouping in the above table, it can

be seen that the decision of thc listeners is affected by the meaningfulness of

the disyllable. They have a tendency to choose the one which has more meaning

or more frequent usage, in spite of the fact that they are instructed in the

beginning of the test to disregard meaning and to base their decision solely on

pronunciation.

Suggestion:

We are planning to use the pitch extractor of a vocoder to measure the

pitch of these disyllables. At present we are improving the performance of the

pitch extractor to satisfy the specification for Mandarin which has a fast rate

of change of pitch level and intensity. As soon as it becomes feasible, we may

have the result from the mechanical measurement to subjoin the argument of the

difference of modified tone 3 ind tone 2.5

5cf. a related experiment done by Yao Sh.n Jessica C.Y. Chao, and Giles Peterson
of the Univer8ity of Michigan in "Soma Spectrograpbic Light on Mandarin Tone-2
and 6ne-3", Study of Sounds, IX, Phonetic Socity of Japan, 1961.



Table IV

1. 10 Sample Disyllabic Pairs

-h, I . hui-±'e

,, jun-j 'I# qu&n-shi

,3r tI-sha , '5t di -sha

~( I. zh~u-sh~ng .Xr. cheiu-sh~nf;

i ~~shl-y6n- 'Of shi-y6ng

111, 130 Tested Disyllabic Pairs

ba-sh6u 4k, 4 ep C du-sh~u B

bai-sh~u \ B du-you ~ j -P g- A

bai-sh6u ~ - ~A duo-z~u ~ . ~~ . A

bao-sh6u 4-~C er-y6 v? 151- .4 v5 A
bi-zn~i rI- C fa-ku~n

cai-c~o A - icaz.-gul j% ~ ~ A

cai-ni .- )t L fang-sh~u ~ ?j B

cao-Ni 1 B ien-chgng Ji. A

chan-c~o Alt~ X C gu-jlu '~ i ih A

chang-ji5 ;,A, B guo-chgn AI p A

chang-yuan Ex is- v , iL, L, Co-h O~ i B

chou-zh6 t Fr. f A n'an-k5 VAW

chun-If. tA A haii-uh5i ~ .~ A' B

da-gul C. han-ygng B

da-zu! -c A han-y5 4. 1jc~* B
di-hul~.% C hao-sm A C
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hao-yin B 41 qi-cao p

hu-h6u eL f c qi-g~oA

hu-yan .:fl 4j E.1 '~ A qi-k~n I, C

huo-k~u mC qi-nig j A
h-shul 7 'p / A qi-si ~L c

h-ynA qin-i A

huo- ~ qing-wgng r -4 B

jis j, A qing-y~ ri B
jia-X11J B qu-shul ', <-~ . 1 A

;,o-u 4w" , t c ran-q!i k ' B

1if~c shou-znu u 2- C

1i-4j1i tao-hao 2i1?.~ ~ c

1ian-p~ ~ C ti-t~r., lu~

liang-ji~o 4 y- A tong-ban gp A
liao-ji6 c tu-gai ;'t- A

ling--biio A wa-16ng 14 A

ling-jiao 1 B wan-h~o ~ i ~~~i~J A

1iu-wa i j(j A wan-jilng -

liu1-ying ~ ~~B wan-q! 31jE- c

na- sh~o , $ ,' A viarg-ul ~, - A
mai-mi ~ A wu-biJUr j B

we-jZ >j 4i)~c wu-cii

inei-nU g g- ~ - wu-k~u r)- a C C

nei-y~n Jot jj T wu-li A

mai-jil A wu-nl C

mian-s!1 ~ ~ xi-ji5 C

ILgu B xiang-xi6 C
rk~ A xie-g5o

fli-g c xue-chi 3- P . C

ni-hac. ya~''C-p5'-~ A

nian-zh~ A yan-k5.. , C

niuii o ~~~ B yan-11 P. A
~. -:',A yan-sh5 B
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yan-shul ,r'K-Z' B you-jing A~ ~B
yan-y5iij - B you-sh6u ;~+ ~ -- B

yan8'-h~i A you-w5 A

yang-jiao B yuyn
yang-nc c yu-I' f5 ,

yang-sh~u 4~- cy~ C yu-gc~ag A

yarig-zh!. yu-shu! * f..~~J
.4-,. C yuan-zh5i I~ In -L B

vi-i~ -~$. B yuan-zai ~iw?~ C

y±la .f ~4 A yu n-du6B

yin-y A~ zlao-hu6 p B

yong-bao & C zhi-jiio B

you-b31nE . zhu-mi A

you-u~1C zhu-sin r~B

you-h~o Z~C zhu-wv5n B
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!NVENTORY OF MANDARIN SYLLABLES ACCORDING TO THE PINYIN ALPHABET

,\ 1i Syllabic Invvntory According to the PINYI14 Alphabet - 1I -
N'% Nj
I A A-- ----.

T LER A E AI El AO OU AN EN ANG ENG ONG
I Ier a e ai ai ao ou an en ang ong

B3 ba bai bc-i bao ban bo-n bang bc-mg

IP pa pai poi pao vou pan pen pang peng

*M ma mai mci mao mou man men mang meng

F fa i'ei fou fan fen fang feng

ID da de dai dc-i dao, dou dan dang deng dong

T tu to tai tao toil tan tang teng tong

N na me nai nc-i nao, nou nan non nang nong nong

L in le iai ic-i lao lou Ian lang icing long

Z z.a ze zai zti zao zou zan zen zang zeng zong

1C ca cc- cni cao cou can con cc-mg ceng cong

S I sa so sai sao sou san sen sang seng song

:ZH j zha zhc zhc-i zhei zhao zhou zhan zhen zhang zhong zhong

CH chn chc cha.,i chao chou chan chon chang cheng chong

SB sha s;hu sh~ii shei shao shou sham shon shang sneng

Rro "~* rou ran ron rang reng rong

G g-a go gai gi!i gao .3ou gan gon gang gong gong

K ka ke kni kinD kou kan ken kang kong kong

H ha ho hai h~i hao hou han hon hang heng hong
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\F)
Syllable~ Inventory -ccording to thc PINYIN Alphabet - 2

* I IA IE IAO IOU IN ING IAN lANG IONG
A
L.

yi ya ye0 yat you Yin ying yan Yang Yong

B bi bie biq~o bin bing bian

P pi pie piao pin ping pian

M mi mie miao miu min ming mian

F

D di die diao diu ding dian

T' ti tie t;.ao ting tiean

N. ni nie nino niu aml fling nian niang

z zi

C ci

S s

ZH zhi

CH chi

lIT ji: jiao jiu jin jing jian jiang jiong

x i xiu: xic xia-o xiu xin xing xian xirang xiong
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"35 ~:Syllable Inventor-, According to thL- PINYIN Alphabet - 3

T' A.-- -_________N AG EEGU E A 45

iL

wu wo W11 wai woi wan wen wang wong yu yue yuan yun 34

B !bu bo 16

P 'NPu O 1?

M Kmu flo 18

F jfu fo 9J

D du duo dui duan dun _ _21

T 'tu tuo tui tuan tun 19

N nu nuo nuan nun nU nile 25

L ilu luo luan lun 1U Ael M~an A~n 2?

Z zu zuO zui zuan zun 17

C cu cuo cui cuan cun 16

S su suo sui suan sun 161
ZHf zhu zhuo zhun- zhuvai zhui zhuan zhun zhuang 20

C11 chu chuo chua chuai chui chuan ch'm chung 19

SH ishu shuo shua shuni shui shuan shun shuang 1.9

R ru ruo rui ruan run 14_

G gu guo gua guai gui guan gun guang ju jue 'n jun 33

K lku kuo kua ku-ti kui kuan kun kunng qu quL. auan qun 32

H I hu huo hua huai hui huan hun huang xu :a~e xuan xun 33



COMPARATIVE TABLE OF PINYIN, YALE

WADE-GILES, ZHUYIN ZIMU

AND GWOYEU ROMATZYH (TONAL SPELLING) STEMS*

ROMATZYH
PY YALE VIG ZYZM 1 2 3 4

aaay a VT aa ah

ai a i ai air ae ay

anan an a n a an Unn

ang ang ang t ang arng aang anq

10 aU Z1.o au aur ao 01

ba ba pa A7Y ba bar baa bahi

bei bai pai ~ ~ ' bai bair bae bay

ban ban psan '7~ ban barn ba-n bnn

bang bang pang bang bnrng bang banq

baa bau Pao ,' bau baur baa baw

bei bei Pei '.\ bei beir beei bey

ben ben pen 'I ben bern been bcnn

beng beng peng />- beng burng bvwig benq

bian byan pioan - bian byan bean bianx'

biao byau pia I t biau byau beau biaw

bie bye pieh 'I. bie bye biee bieh

bin bin pin 11-/11 bin byn buin bian

bing biag ping ll £. bing byng biing binq

bo bwo pa bo bar baa boh

bu bu Pu bu bwu buu buh

ca tsa ts'a -4 tsa tsar tsaa tsah

cai tsai tslai ~ ~ tsai tsair tsae tsay

can tsan ts'an tsan tsarn tsaan ts.-nn

cang tsang tos'ang ?- tstng tsarag tsaanq tsanq

caa tsrau tila 1.1 tsau tsaur ,Sao t~aw

*See P. 63 for references for thcse systems.

-37-



-38-

ROM2ATZYH
-- YALE WG ."Yzvl 1. 2 3 4

cc tse Wse Z tso tsor tsee tseh

cen t.'wn tslun ', tsen tsern tseen tseni

cong tsenIg ts 'ong L tseng tsc-rng tseeng tsenq

cha cht oh 'a '~cha char chpa chah

ch'ti chai chlai chai chair chae chay

cln chan ch a chan chan chaan chann

chang chang chlang 4 L chang charng chaang chanq

chao chau ch'ao , chau chaur chao chaw

che che chle ~ i che cher chee cheli

chen chen ch'en chen chern cheen chenn

cheng cheng chleng '. cheng cherng cheeng chenq

chi chr ch'ih chy chyr chyy chyh

chong chung oh 'ung 'pL chong chorng choong chonq

chou chou ch'ou 4 chou chour choou chow

chu chu ch'u jX chu chwu chuu chuh

chua chwa ch'Iua 4xr chua chwa choa chuah

chuai chwai oh 'uai 21)(fl chuai chwai choai chuay

chuan chwan ch'uan 1) X4 chuan chwan choan chuann

chuang chwang ch'uang ) chuang chwang cloang chuanq

chui chwei ch'ui chuei chwei choci chucy

chun chwun oh 'un J X I chuen chwen choen chuenn

chuo chwo chlo xf chuo chwo chuoo chuoh

ci tsz tz'u tsy tsyr tsyy tsyh

cong tsung ts tsong tsorng tsoong tson~l

cou tsou ts 'ou tsou tsour tsoou tsows

cu tsu tu rx. tsu tswu tsuu tsuh

cuan tswan ts ua tsuan tswan tsoan tsuann

cui tswei ts'ui tsuei tswei tsoei tsuLvy

cun tswun ts 'tn ~ (~ tsuen Iswen tsoen, tsun

cuo t:swo ts 'o .7 ~ tSw tswo tsuoo tatiob

da da ta bv da dar daa dcli

dai d ai tai If/9 dai dair dae da y

dan dan tan Z5 dan darn daan dann
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ROMATZYH
PY YATL-E WG 'ZYZI. 1 2 34

dang dring tane (1ng darng deaang danq

dao da u tao .,'o dau daur dao daw

do de te %A de der dee deh

dei dei tei dei deir deei dey

deng deng teng ,124£ deng derng deeng denq

di di ti -) di dyi dii dih

tian dyan tien t:; I dian dyan dean diann.

diao dyau tiao I diau dyau deau diaw

die dye tich 7I die dye dice dieh

ding ding ting IL ding dyng duing dinq

diu dyou tiu pg diou dyou deou diow

dong dung tung t/1 dong dorng doong donq

dou dou tou z dou dour doou dow

du du tu YX du dwu duu duh

duan dwan tuan 7)4 duan dwan dann duann

dui dwei tui t7'KX\ duei dwei doei duey

dun dwun tun b duen dweri doen duenn

duo dwo to t)lJ duo dwo duoo duoh

e C, C,0 e or cc eh

ci iei \ ci eir cei e

en en on cme ern een enn

eng eng eng eng ernig eong enq

er er c-rh )j. -e rl !D.l ell

fa La fa C L a far faa fah

fan fan fan C Z77 fan fan faan Lana

fang La-ng fang fan[ farng fa,-,. fazns

f vi f ei fei C-i fLei r feei fey

fen Len fen C'? fen Icn f ~ La

Len Log Lngfung Lorng Leeng fe!nq

Lo fwo fo C: Lo for f,- . fch

Lou fou Lou C ~ fou four Loou Low
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ROMATZYH
py YALE WG :ZYZM 1 2 34

fu fu fu C) fu fwu fuu fuh

ga 9-a ksa 4 ga gar ga a gah

gai gai kai ga i gair gao gay

gan gan kan g"Ir. gan gaan gann

6're gang kang 4/- gang garng gaung gaiq

gao gau kao M4 gau gaur gao gaw

ge go ke, ko ge ger gee geh

goi gei koi ( \ gei geir ged.i gey

gen gc-n ken ~<~ gon gern gccn genn

geng gong keng 4 L gong going geeng genq

gong gung kung 4<X 4 gong gorng goong gonq

gou gou kou gi gou gour goou gow

gU, gu ku (4( gu gwu guu guh

gua gwa kua X y guv. gwa goa guah

guai gwai kuni 4<ir~ guai gwai goai guay

guan gwan kuvn guan gwan gon guann

guang gwang I Iuang s.Xi guang gwaflg goang gunq

gui. lzwoi kuei. 44 )(A\ guei gwo1 goei guoly
gun gwun kun 4((~ guon gwen goan guenn

guo gwo kuo (( guo gwo guoo guoh

ha ha ha f" ha har haa hah

hai hai hai r >~hai hairc hae hay
han han han L7 han hn han hann

hang hang hang rt- ha ng harng haang hanq

hao hau hao p hau haur hao haw

he he he rt he her hee hch

hoi hei hei FN hei heir heei hey

hen hen hen )-7 hen hern 1,a n henn

heng hong hung ,r / hong heing heong henq

hong hung hung Fx L hong being hoong honq

hou hou hou f hou hour hoou how
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1ROr'ITZYH
YALE~ WG ZYZM 1 2 3 4

hu hu hu r A hu hwu huu huh

nua hwa hua r ) y hua hwa hoa huah

huai hwai huai 1Id', huai hwai hoai huay

huan hwin huan F%1 huan hwan hoan huann

huang hwang huang F X f huang hwzing hoang huanq

.- hwei hui rxA huei hwei hoei huey

hain hwun hun r 7 huen hwcn hoen huenn

huo hwo huo )(r huo hwo huoo huoh

ji ji chi I ji jyi jii jih

jia jya chia q4 I '( jia jya jea jiah

jian jyan chien :,11 J jian jyan jean jiann.

jiang jyang chiang Hlt1 jiang jyang jeang jialq

3iao jyau chiao H11 jiau jyau jeau jiaw

ji(- jye chich 0, It~ jie jye jieG- jieh

jin jin chin &jIL , jin jyn jiin jinn

jing jing ching q IL jing jyng juing jinq

jiong jyung chiung qtI jiong jyong jeong jionq

jiu jyou chiu L4j 1 jiou jyou jeou jiow

ju jyu chil ..fJ jiu jyu jeu jiuh

juan jywan chilan u , jiuan jyuan jeun jiuann

jue jywe chUeh 14-e -t jiue jyue jeue jiueh

jun jyun chUn tlwu5 jiun jyun jeun jiunn

ka ka k la ka knu- kaa kah

kai kani k'ai Y, kai kair kae kay

kan kan It'an 517, kan karn kaan kana

kang kang k 'ang 7* kang karag kaang kanq

kao kau k'ao ~ . kau kaur kao k-aw

ke ke k'c,k'o ~f ke kcr kee keh

ken ken k'en 7~ ken kern kuen ken

keng keng k'eng 5z kenS, kerng keen-: konq

kong kung k'ung CXL kong 1korng koong konq

kou kou k'ou 7 kou kour koou kow
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201-1ATZYH
PY YALE~ WG ZYZ!4 1 2 3 4

ku ku klu 5 x ku kvwu kuu, kuh

kun L"In klua 0~( kua kwa koa kuah

kunli k'wai k'uai X 7 kuai kwai ko-i '-.uay

kuan kwan k Iunn 5X' kuan kwan koan kuann

kuc-ng kving k'unng kuan, kwa-n.- koang kuanq

-d kwei k'uci kuei kwei koei kuey

kun kwun k'un kuen kwc-n koon kuenn

kuo kwo k'uo 't kuo kwo kuoo kuoh

In la la / I ha l.a laa lah

lai lai hai lhai lai lac lay

lan 1- %n 1:n T2 han lan la-n lann

lang lang lang I hang lang la,.ng lanq

lao lau lao lhau lau lao law

le i le he le lee le

lei lei lei 9,' lhei lei leei lei

leng leng lo'ng ' II. heng long lc-eng lenq

Ii lis ii 5/ lhi li lii lih

lia lya3 ha Ihia hia lea liah

hian lyan lien T11- hian I an lean lia..n

hiang ly:,ng hiang '77 g 1 hiang liang leang lianq

liao lyilu ).iao lbiau liau leau hiaw

lie lye lich I5-i hio lic- lice lieh

hin han lin lhir, lin lin hinn

i n g ling ling lhing ling luing linq

liu lyou liu 7 ', 17 h1iou liou Th-ou hiow

long lung lung Yth lhong long boong !honq

lou lou lou h9 lhu lou loou lor,

luan lwan 1huan t)(5l Thuan hua-n Loan lu--nn

hun lwun hun, hNn h huen L~uen ben.., huc:nn

luo Iwo lo 1)E lhou .',..O Thc, JLuoh

A u muU iniU11u liu ICU huh

lu~n lylq..n hu~n At3 hhiunn liua-n leuan hIuann



py YALE WG ZYZM 1 2OM3TZ4

*1UE. 1yw% l.c-h k) U r lhiic hue leue liuch

-hUn -.Lyiun Anm - U; TIhiun liun Ieun )Iunn

MR ma Mat rI mha MCI man mah

Ma Mai Mani ri9 inh mai Mae may

.. n man man rl mihan man maan -.arn

m-ang Mang Manng r*' 4 nhang Manng maamg manq

mato Mau m~to 17, mhau Mau mao naw

mei Mei Mci n \ mhoi mei Meei mey

men men men rl '7 mhcn men meen menn

Meng meng Mneng r-I 4 mheng men meeng menq

mian rmnyan mien 1-1 I hian mian mcan Miann

miao myau. mi.no r / mhitu niau mentu miew

mie Mye mieh ri 1-ti nhi c- mie taiee mieh

min min min nl t7 rin min nin min

Ming Ming Ming fl 14 Mning Ming mi-mgf minq

miu myou nicu '119 mhiou miou meou miow

ma mwo ma 1i?. Mho ma Iroo inoh

mou mou mou 1-, Mhou MIou nr.,ou mow

mu mu mu qlY mhu mu muu muh

ma ma ma -7-, nha na man nuih

ai ii nai no nhai nai nine may

nan nan nan g nhnn nan naan mann
mning n.-ng nang nh-eng nning nang manq

nao nau ma o - ~nhnu nau mao maw

ne no ne -Z he mo nee ineh

mci mci n oi nhei mci ncei ney

non nen non t h7 m men ne :etn nr

nc-mg neng noe n heng nc-mg neeng nenc.

mi ni ni nhi ni '.ji 111h

nian nyan nion 3, nhian nian moan niprnn



R0O4ATZYH
P1 YALE WG ZYZM i 2 3 4

niang nyang niang 31 rt fhiang niang neang nianq

niao .ijau niao -Ii nhiau niau. neau niaw

flue nye ioh 3 It nhie nie niee nieh

nin flu nin 73 1 nhin nin nuin ninn

ning fling fling :511 nh-*.ig ning niing nizlq

IAu nyou niu -3 IF( ahiu aiou neou niow

nong nung aung -2)( nhorig nong noong nonq

nou nou nou nhou nou noou now

nlu flu flu. nhu flu nuu nuh

nuan nwan lLuan X nhuani nuan noan nuanfl

nun nwun nun 3 ( nhuen nuen noen nuefn

fluo nwo no ahuc nuo nuoo nuoh

nl nyu nil 3 LJ nhiu niu. neu ni2uh

nile nywe nilch 3 ~jt nhiue niue neue niueh

ou an ou g oU our oou OW

pa pa p' v pa par paa pali

pai pai plai Y9) pai pair pae pay

pan pan p an k 7 pan parn paan panfl

pang pang p tang kt pang parng paang parlq

Pao pau p'ao X4 pau paur pao paw

Pei Pei p ci pei pcir peoi pey

pen pen pion pen pern peen penn

peng peng plen;, X(L peng perng peeng penq

Pi pi P'li pi pyi pii pih

pian pyan p'iefi'n pian pynn pearl piarm

piao pyau pliao ~ ~ piau pyau peau piaw

pie pye plich ~ ~ pie pyc Piet pieh

pin pin p'in pin pyn pia±. pn

ping ping p ling '9L pine. pyng piing Dinq

pO pwo p'o pa por p O poh

pou pou p'ou Pou pour poou pow
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R0O4ATZYII

Pi YALE, WG Z-YZM 1. a 3 4

Pu pu p su Pu pwU puu puh

qi chi ch'i chi chyi chii chih

qia chya ch'ia . chia chya chea chiah

qian chyan chtion chian chyan chean chiann
*i:,g cyn c'a~ chiang chyang cheang chianq

qiao chyau chliao chiau chyau cheau chiaw

qic chye ch'ioh chie chye chiee chieh

qin chin ch'in ( 7 chin chyn chiin chinn

qing ching ch' ing 14 ching chyng chiing chinq

qiong chyung chiung (U / chiong chyong cheong chionq

qiu chyou chliu ( li chiou chyou cheou chiow

qu chyu ch'I Zu chiu chyu cheu chiuh

quan chywan ch'Uian chiuan chyuan cheuan chiuann

que chy1wo ch'Ueh oit chiue chyue cheue chiueh

qun chyun ch 'Un k U chiuni chyun cheun. chiwmn

ran ran jan tj 1 rhan ran raan rann

rang rang jang t6 ri rhang rang raang ranq

rao au, jao Q4 rhau, rau. rao raw

re re je otJ rho re ree reh

ron ren Jon Lz7 rhen ren reen ron

reng reng Jong L--) rhong reng reeng -c-nq

ri r jih : ~rhy ry ryy ryh

rang run& Jung XL rhong rong roong ronq

rou rou jou Elx rhou rou roou row

r.ru ju a rhu ru ruu. ruih

ruan rwan Juan QX1 rhuan ruan roan ruann

rui rwei jui IXA rhuei ruei roe: ruaey

run rwun Jun. Am~, hon ruen rool, rupnn

ruo rwo jo rhuo ruo ruoo ruoh

sa. sa, ~ % sa sam saa s:,h
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ROMATZYH
py YALE WG ZYZM 1 2 3 4

Sai Sai. Sai A 9 sai sair sae say

sa,,n an San I, san sarn saan snn

sang earig sang 4g.. sang sarng saang sanq

Sao szlu Sao A4 sam sat~r sao saw

se se ae4 se ser see reh

sen sen A sen sern seen Semi
seng seng seng AL seng serrig seeng senq

sha sha sha sha shar shaa shah

shai shai shai shai shair shae Shay

Shan Shan Shan Shan shamn shaan shann

Lhang Shang Shang ,po Shang sharng shaang shanq
shao shau shao pf shau shaur shao shaw

she she she pt she Sher shec sheh

shei shei shei shei sheir sheei shey

Shen Shen Shen Shen shern sheen shean
sheng sheng sheng PZ sheng sherng sheeng shenq

shi shr shih lp Shy shyr shyy shyh

shou shou shou fi shou shour shoou show

shu shu. shu PY shu shwu shuu shuh

shua shwa shua. F)Cj shua shwa shoa shuah

shuai shwai shuai FK9fp shuai shwai shoai shuay

shuan shwan shuan Pq shuan shwan shoan shuann

shuang shwang shu-mg p ~~shuang shwang shoana shuanq

shui shwei shui p shuei shwai shoei shuey

shun shwurn shun p , shuen shwen shoen shuenn

shuo shwo shuo fx shuo shwo shuoo shuch
Si 5Z 5zu, ssu 4 sy syr syy syh

song sung sung A L song somag Soong sonq

Sou Sou sou A sou sou), soou sow
su Su SU i4)( su swu Z1.1. Suh
suan swan suan t X suan swan soan suann
Sui swei sui A X \ sue2. swe, 0oL1 sue-y

sun swun sun /- xI suen swen soen suenn
suo swo so 4x )r Suo swo suoo suoh



PY YAL WG 1ROMATZYH

ta ta t'a iy ta tar taa Lah

tai tai t'ai4 tai tair tae tay

tan tan tVan 7t tan tarn taan tann

tang tang t 'ang tang tarng taang tanq

tao tau t'ao tau taur tao taw

ete t'e tc ',e r tee teh

I-eng teng tleng L. teng terng teeng tenq

tian tyan t'ien tian tyan tean tiann.

tiao tyau tliao tiau. tyau teau tiaw

tie tye tlieh tie tye tiee tieh

tong tung t'ung -kiXL tong torng toong toflq

toii tou t'ou tv tou tour tooU tow

tu tu t'u kx tu. twu tuU tuh

tuan twan t 'uan tg7 tuan twan toan tualfl

tui twei tlui -tl tuei twei tooi tuey

tun twun t'un x , tuen twen toen tuenn

tuo two t'o tuo two tuoo tuoh

wa Wa wa y ua wa woa wah

wai wai wai xjl uai wai woai way

wan wan wan X,7 uan vwn woan wann

Wang Wang wang W1- uang Wang woang wanq

w:ei wei Wei AA uei wei woei wey

wen wen wen x uen wen woen wefla

weng weng wong A ueng weng woeng wefig

we wo WOwo )r UO wo Woo woh

WUwu wu x WU wuu wuh

xi syi hsi 11 shi shyi shii shih

xia sya hsia - I y shia shya 6hea shiali

xian synn hsien T 15 shian shyan shean shiann.
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ROMATZYH
__Y YALE __ ZYZM 1. 2 3 4

xiang syang hsinng -1l$ shiang shyang sheang shianq

xiao -yau hsiao -~ shiau shyau sheau shiaw

xie sye hsich Tlit shie shye shiee shich

xin syin hsin -T I shin shyn shimn shinn

xing sying hsing -TIL shir~g shyng shiing shinq

-rogs syung hsiung 7u 4 shiong shyong sheong shionq

xi.U syou shiu -iq shiou shyou sheou shiow

xii syu shl 7u shiu shyu sheu shiuh

xuan syw,)n hsilan TL4 77 shiuan shyuan sheuan shiuann

xue sywe shUch Tid shiue shyue sheue shiueh

xun syun hsUn TL4 '~shiun shyun sheun ahiunn

ya ya ya jY ja ya yaa yah

Y-a1 yai yai M; iai yai yae yay

yan yan yen 17 ian yen yean yann

yang yang yang iang yang yoang yanq

yao yanl yao iau yau yeau yaw

ye ye yeh fi-~ ic ye yee yeh

yi yI 3. .L2. iii

yn yn yin in yn yiin yinn

ying ying ying / ing yng yiing yinq

yong yung yung LIL- iong yong yeong yonq

you you yu i iou youl yeou yo'...

YU YU yU j*. iu YU yeu yuh

yuan ywpn yt~r'.n w 1 iuan yuan yeuan yunn

yup ywo yileh LI- iu yue yeue yue-h

yin yun yiln L, 7 iun yun yeun yunn

VA dzLu t sa p tza tzar tzaa tzah

zai dzai tsai P5 tzai tzair tzae tzay

zan Izan tsn T tzan czat. tzaan tzanfl

zang dzang tsnng p tz.ng tzarng tz, ag tzna

zao dzau tSEXO tznu tzaur twao tzaw
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ROMATZYH

PI YALE WG ZYZM 1 2 3 4

zo dze tsoeP tze tzer tzfoe tzoh

zei Izei tei R'A tzcei tzeir tzeei tzey

zon dzen teen P4, tzen tzern tzeen tzenn

ze-ng dzeng tseng e- tzeng tzerng tzeeng tzenq

zha jn cha yy ja jar jaa jail

.,aai jai chai W 5 jai jair jae jay

zhAn jan chan 4r7 jan jam jcan jann

zhang jnj chnng y t jang jarng jaang janq

zhao jau clino !kJ jau jaur jao jaw

zhe je che je jer jee jeh

zhei joi chei jei jeir joei jey

zhen jen chen 4jt jen jern jeen jofn

zheng Jeng cheng ~L jeng jerng jeong jonq
zhi jr chiihj y jyy jy

zhong jung chung jong Jorng joong jonq

zhou jou chou jou jour joou jow

zhu J.U chu qp ju jwu juu juh

zhua jwa chua q,,y jua jwa joa juah

zhuai jwai chuai L r juai jwai joai juay

zhuan jvian chuan 4l; juan jwan joan juannf

zhuang jwang chuang juang jwang joang juoflq

zhui jwei chui ik, jaei jwei joei juey

zhun jwun chun PV7 juen jv on joen Juen.

zhuo jwo cho q4xf juo jwc juoo juoh

zi dz tzu -P tzy tzyr tzyy tzyh

zong dzung taung j)( Z tzong tzorng tzwong Lzonq

zou dzou tsou p 1 tzou tzour tzoou tzow

zu dzu teu - tzu tzwu tzuu tzuh

zuan dzwa-n taunn -x tzutui tzwezi tzoa.. tzuann

zui dzwei tsui pX\ tzuei tzwei tzoei tzucy

zun dzw-un tsun px7 tzuer tzwen tzoen tzuenn

zuo dzwo tso tzuo tz-wo tzuuo tZUoh1



CONVERSION ALGORI'MI S AMONG DIIFFEPRET:TRANSCRIPTIONS

K. P. Li

I. Introduction:

A set of conversion rules for the Chinese Transcription Systems Pinyin,

Yale, Wade-Giles and Romatzyh has been constructed in the form of regular lin-

guistic rules which can be applied to computer programs. The conditions and

stored information are reduced tr the minimum, including only the alphabets used

in le systums, thu tone marks and -.)rd boundaries. The traffic rules used here

are very simple, as sho:n in Fig. 1. In uach step, the TEST is to find out

whether any portion of an input is exactly the same as that on the left. hand ido

of thu function; if the response is YES, then the sai portion is changed to the

part shown in the right hand side of the function; if a NO is indicated, then

the input govs to the next step without change. The same process is carried

through until the END is reachcd. During the TEST a sot of elements may be list-

ed in one single step, in which case the input must be checked against each ele-

ment in the crder listed. Once an clcment is found to be identical with a por-

tion of the input, the samc conversion operation takes place, after which the

input must be carried directly into the next step without checking the remaining

elements in the list. In other words, each step contains no more than one opera-

tion. A complete program of conversion rules between Pinyin-Yale, Pinyin-WG,

end Pinyin-Romatzyh (Basic form), in beth directions, is listed in Section II.

Before applying the rules, it is essential to have the word boundaries (-)

marked out. Unfortunately, all systems contain some ambiguity in word boundary

which necessitates pro-marking by hand. In Section III we have constructed a

minimum set of rules for marking out by hand the ambiiglous word bou-.&ries and

a program for indicating all word buncaries which can be done by machine, in

the Pinyin System. Similar procedures can bv followed for constructing rules

and programs for the other systems but they are much more complicated than those

for the Pinyin System.

The tonal spelling in the Romatzyh System (shown in Section IV) presents

additional complications in programming. Ps a result, more cmplex traffic rules

are felt necessary in order to reduce the eonsidevablo number o conversion

rules. The flow chart fror thesu traffic rules i. shown in Fig. 2. W7e have not

yet investigated the possibility of simplifying the ruis iu Section II by the

application of these traffic rules.
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In Section V, several examplos illustrating the actual npplications of

these rules arc given. We intend to run a computer program to check these rules

in the future. The references upon which the various transcription systems aro

based are listed in Section VI.

YES OPE  T  O STAOT

STEP N TEST STEP N <TEST' OPMA

NO

NNO .YES _
________________ STEP N+1 ST . PERATION

STEP N+l* TEST YE OERTO STEP M TS

<NO
NO -. STEP R < EIS>' OT

* tNO

Figure 1. The pattern of traffic rules Figure 2. Three different traffic rules
used in the Conversion Rules between used in tonal spelling. The output of
systems. The output of Stop N always Step N may go to the next step, or to
goes to the next step. some later Step M, or to the end.

II. Conversion Rules among Chinese Transcription Systems:

A. Conversion Rules from Pinyin to Ynl:

XI: .b .p .m .f

Xi: i. uim .o.
X 3: io~u. r, * '

•is tone markc.



-52-

Xjj .j q x

X5 : .d .t .n .i .g .k .h

X zh .ch .sh .r

X .z .C .S

X8: x5  x6 x7
X 9 : f. 'I o) u

X10: i u
Xl : y w

X . zh .q .x .z .ch .c
12
X3: .j .ch .sy .dz .ch .ts

Rules: 1. X C. - U00

2. X2  X3

3. X4 u cr Xu 41 -r X4

4. X8un u xUZ8*
5. or U , yu or yu

6. Xl0i 9  Xlx 9

8. xTi. x

9. ong. - ; ung.

10. X12  * -* X13

11. XX or X - X cr X

WRITE OUTPUT.

B. Conversion Rules from Yale tc Pinyin.

xi : .dz.. dz .ts .j

X 2: .SA. Oz .c .x

X3 : .zh .ch .s

X4 : .j .q Ox

x. n

7
x8 Z. ro
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X 9 iogu. U ' ,I
x . ul. 7tU. .rl

10
X .b .p .m .

Rules: 1. X 2

2. ung. ong,

3. w -. u

4. .U W

5. XX .X X4 X6

6. X7 yu or yu - X7 U orU

7. y - i
8. .i

9. X8  i.

10. XX or XX X orX
1l. X9  - XIO

12. XII uo -- X- o

WRITE OUTPUT

C. Conversion Rules from Pinyin to Wade-Giles:

X1 : .j ,q .x .y

X .z .c .8

X3 : .zh .ch .sh .r

4 ,b op .d .t ,g .k .zh .oh .z .c ,r .j .q ex
X: .p .p' .t .t' .k .k' ,ch ,ch' .ts .ts',j .ch .'.he

X6 : ,tsz .ts'z

X 7: .tz .tz'

X8 : y i U

X9: iaxn. ong. uo. ,er.9l:in * *

1 en ung. o. .Srh.

X 1:.k .k' .11

X .12 0. ui. e.

X 3: uo. uei. o.
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A%,les: 1. Xl voru - 4 XU r

3. X3i. - X3ih.

4. x4  :0 x 5
5. X6. x 7

6. X8e. - X8 *h.

7. X 9  Xlo

8. x- x 4 x X

WRITE OUTPUT.

D. Conversion Rules from Wade-Giles to Pinyin:
X: zU. .tz'uo .ssu,

X 2: St. .ts'l. .ssi.

X .ch' .ch .j .ts' *ts .t' .t .p' .p .k' .k

X4: .ch .zh .r .c .z .t .d .p .b .k .g

X: .g .h

X6 .zh .ch .hs .y

X : .j .q .x .y

X8: U
X9 : i u i u
Xlo0: .So P. *ung. h. .yu.

X11: .s I. ong. a .you.

X 12: .d .t .n .1 .zh .ch .sh .z .c .s .r.

X 13: i .y

Rules: 1. X1  - 2

2. X3. - 4
3. 1h. ---- *

4. x5 00x5
5. X6X8  - x 7x x x

6. x - ; x
7 * 11

8. X 5ue~. - 0 x 5U.
9. X13en. - X1an.

WRITE OUTPUT.



T Convorcion Rul.ce from.Pinyin to Rombatzyh (B.isic Form) I

x: .j -q .x .y

x 2  y w

X5 : ueia iou. au.

x : *zh *ch aoh .Z .c 's r

x7: zh *ch .c .z qq Ox ero

X8 : .J *ch .ts .tz .ch .sh .el.

Rules: 1. (Input) -- ~ Input + Tone

2. Xlu,: -x 1 a

3. un --- * uen

4.-U iu

5. .x2  - :0 X x3
6. .XX - .x

7. X6i.- - N X6y.
8. x4 x

9. X -7 X8

WRITE OUTPUT.

F. Conversion Rules from Romatzyh(Basic Form)to Pinyin:

Xf : ch .sh 0j

x: .q Ox AV

X 3 j tz .tS

X4: zh .z Oc

X5 : A±n .i. us

X6: iin .ii. .uuo
X7 : .i .u

x8: SY Ow

X9 : uens, ueio iou. CLu.

X 10 un., ui* iii. ao.

Rules: 1. Xi X21

2. X - *
34

3. X2 iu - 0 X 2u
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4. .v - .j

5 y. i.

6. X5  -X

8. x 9  10o

9. Input + Tone - (Input),#

WRITE CUTPUT.

#Tone mark is always placed on the first vowel except when combined vowels
heire i, u, or U as the first vowel, in which case it should be placed on
the second vowel.

III. Rules and Program Marking out Word Boundary for Pinyin System:

A. Rule for Eliminating Ambiguous Word Boundaries:

a, e and o not preceded by a consonant must have word boundary (.) marked

out by hand.

B. Program for Marking out All Unambiguous Word Boundaries:

X: 1 b p m f d t n 1 g k h z c s r j q x y w

and (space)

X z c s

X : n r

Rules: 1. X X

2. .X2 .h 2Xh
3. .X3 . "3- X #

3

4. .g. g

C. Examples*

z~1l you shirbCi y~zi.

zhill ywu sh..,rba y~zi.
lo .zoholo. .yous. .n.hi. r.baw. .yl.zi..

2d .zh .ll. .yowu. .shi.s.roba. .yl.zi..

'Unnumbered rules are for hand-marked boundaries. Numbered rules are for ma-

chine-marked boundaries.
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3. zheelle . you . shi , r,ba. eyl.zi ..

4. .zh(%., iU. . y6u. .shi.d(r.ba'. .yi. zi..

zh~ng4guanx1 hutnshi mniy'u gaiblan.

zh~ng. gunx1 hu.sh. meiyOu g'ibiAn.

1. z, .n. gZguR. n~x*. .huA. nos.h . .mfiey~u, .gaviobian,,

4. .zhn.g..gu.n.x1. hun.shi. .min.yu.. ' - .g..b1an..

binzhaogu1z6tu~yan y~dinghuichcu.

bC. anzh~ogu~z6tu~yAn yrdinghulchacua.
1.. bd. A.n.z.hao. gul z tul. yaone yi d£n .hui.c.h .cu6..

2. b .'a.n.zh'ao.guloz6tuir.y.Nan. y!.d1n.g.hu1.chu.cu8..

3. bd.an.zhao.gu1.zZ.tu1.yd~n. yid~n~g.hu chEcuo'..

4. .bu'.an. zhao. gu1. z;,tu.oyavno .y! ding. hu .cha. u6#.

d - - .1 "Q~nango n&ti6r mer shengao

niango n6 -. r ma.e'r sh7.ng~o
1. .niaon.g~o. 1..ng.n.6.r. 1. nmloevr. 1..ssh;Pn.gao*

2s niasneg~o. 2# n&,n,6,r, 2. ma.O'.r. 2. .Osh;n~go,

3. .nian.gao. 3. .n&n.6r. 3..m\.r. 3. .shzn.gao.

4. .nian.gao. 4. .nn.tr. 4. . 4. .shen.gao.

IV. Tonal Spelling Rules for Romatzyh System;

A. Conversion Rules from Basic Form to Tonal Spelling:

a. Pre-rules:

x1 " 'm nA 1 r
1. IX1 + (1) X .Xh to END

2@ AX + r.2) . . . .1  go to ,M D

3. (input) + (i) . (input) go to ENID

4. (input) + (2) - : (input) go to B-2 Rules



5. (input) it (3) - (input) go to B-3 Rules

6. (input) + (4) - (input) go to B-4 Rsiles

b. B-2 Rules:

X1: i u

X2  e a o y

X : i u

X4: y w

X5  yi wu

X6  ay. ey. aw. ow.

X,: ai. Al. Ru. ous

Rules; 1. if X1 X2 X3  go to Step 5

2. X2XX - X2X3r go to OUTPUT

X 1 XI2 go to Step 5

4. x2  P X 2r go to OUTPUT

5. i y y
6. u ", w

7- X II X7  go to OUTPUT

8. x4. - x5 .

WRITE OUTPUT.

c. B-3 Rules:
X1: a u o

X2 : a e

X: i u

X4 y w

X: e o

X6 : ye wo

7: a 0 e y

Rules: 1. iX1 - - eX1  go to Step 6

2. uX 2' oX2  go to Step 6

3. aX3  'a aX5  go to Step 6

4. X7X7  g to Step 6

5. X - . XX
3 3 3

6. .X3X3  X 3. X33

7. .x3 - . 4
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8. if .XTX 7  go to OUTPUT

9. X -- . 6

WRITE OUTPUT.

d. B-4 Rules:

Xl: i. u. n. ng. I. . (except space before the boundary)
X 2 : y. W. nn. nq. 11. h.

X : a e 0

X4: y w

.X : i u

Rules: 1. X1  X2

2. if X3X4  go to Step 4

3. X4 . s Xh.

4. .X5h. - .X X 5h.

5. -in A .in

6. .x 5  X4

WRITE OUTPUT.

B. Conversion Rules from Tonal Spelling to Basir Form:

a. Pre-rules:

XI: .n .A .1 .r

X2: h. 11. nn. nq.

X3: Y. yy.

X4 : y. w.

X5: ao ae oa oe Pa eo eu

X6 : r y w

X7 : aa ee 00 ii uu yy

X .t .ts .j .s .ch .sh *r

Rules: 1. Xlh XI + M go to END

2. if X2  go to 4-B Rules

3. if X8X3  go to Step 5
4. if x4  go to 4-B Rulez

5. if X5  ,o to 3-B RuLes

6. if x7  go to 3-B Rules

7. if y. go to Step 10

8. if x6 go to 2-B Rules
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9. X - . X 4 (2) go to D D

10. (input) - r (input) + (i) go to END

b. 2-B Rules:

X1 : , 1

X2  y w

X3: i u

R~& " 1 1. rX1  - X,

2. if y. go to Step 4

3. X2  - x3

4. X3X3  - 3

5. (input) -------- (input) + (2)

WRITE OUTPUT.

c. 3-B Rules:
X 1 : 0 0

X3 u o

X4  y w

Rules: 1. X1a -- X2 a

2. a 1X - aX2

3. eX - iX3 3
4. X 3e - ue

5. X4 * 2
6. XX - x

7. XX - X

8. (input) - - (,nput) + (3)

WRITE OUTPUT.

d. 4-B Rules:

Rules: 1. yh. - y. go to Step 7

2. w - r u

3. y - i

4. h.

5. nq. g.
6. xx x
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7. (input) - (input) + (4)

WRITE OUTPUT.

V. Sample Applications of All Rules (Word Boundaries Pre-marked):

A. PY -4 Yale

.xuan. ,cun. qiong .zl.

3. .xUan. 4. cuilno 6. qycng. 8. z*.

5. .xYu~n. 6. cwvns 9. qyong. 10. dzz.
iO. .syyuan. 10. .tswun. 10. .chyung. 11. .dz.

11. .syuan.

B. Yale -, PY

.lyw•n. yau. .jydng. chywan.

3. .1yuan. 7. .iau. 1. .zhyang. 3. .chyugn.

6.,lUgn. 8. .yau. 2o Lhy~ne, 5. ,qu~n.

ll. .y&o. ji 3lng,

C. PY -WG
•que. . quo. .' ,zhong.

1. .qUe*. 4. .kuS. 2. ,zzd. 4o .ch~ng.

4. ch'Uc!. 7o ,k8. 4. ,tszao 7. .chang.

6. ceh'Ueh. 8. ,kuo. 5. .tzu o

D. WG- PY

.tzqu. .chiuh .ch'h. ku*i.

1. ts'i. 2. •zhieh. 2. chih. 2. iguel,

2. cq. 5. jiuh . 7. . chy 8.
6 . ,.a . 6. .h'

E. PY- RMTZ (Basic)

.qn Zu.zhi. . Ing.

1. .qun. + T 1. ,zun. T T 1. .zhi. + T 1. .ying. + T

2. .qUn. + T 3. .zuen. + T 7. .zhy. + T 5, .iing. + T
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4. .qiurn. i T 8. .tzuen. + T 8. .jy. + T 6. .ing. + T

9. .chiun. + T

F. RMTZ (Basic) -, PY:

.jau. + T .jiuan. + T .iau. - T .u. + T

2. .zhau. + T 1. .vinml. + T 7. .yau. + T 6. .uu. + T

8. .zhao. + T 3. .vuan, + T 8. ,yao. + T 7. .wu. + T

9. .zhao. 4. .3uan. + T 9. .yAo. 9. .w .

9. .juAn,

G. Tonal Spelling:

1. .tzuei. + (2) 2. .jui. + (2)

a. 4. tzuei. go to b a. 4. .jei. go to b

b. 1. go to step 5 b. 2. .jir. go to OUTPUT

5. .tzuey.

6. .tzwey.

7. .tzwei. go to OUTPUT

3. .u. + (3) 4. .duei. + (3)

a. 5# .u. go to e a. 5. .duei. go to b

c. 5. .uu. c. 2. .doci. go to step 6

6. .uuu.

7. .UU.

5. .uei. + (4) 6. .Mie. (4)

a. 6, .uei. g6 t6 d a. 6. .mie. go te r

d. 1. .uey. d. 1. .mieh.

2. go to step 4
6. .wey.

7. .yann 8. oyee.

a. 2. .yanno go to d a. 6. .yte. go tc c

d. 3. .iann. 0. 5. Aee,

6. .ian. 6.

7. .ian. + (4) 8. .i . + (3)
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9. .-meu. 10. .herng.
a 5. .meau. go tc c a. 8. herng go to b

c. 1. .Miau. b. 1. hcng.

8.. miau. + (3) 5. .heng. + (2)

VI. References for Conversion Table:

Pi:.yi - I1Any Pinyin Cihul -F) ;t4 Peiping: Wnzi g~ig6 chU
banshO, 1958.

Yale - Po-fei Huang, ed. IFEL Vocabulary of Spoken Chinese, New Haven, 1954.

Wade-Giles - Mathews' Chinese-English Dictionary, revised edition, Harvard
University Press, 1961.

Y Hy n Peiping: Shngwi yinshagu~n, 1959.

Romatzyh - Yuan-ren Zhao, Mandarin Primer, Cambridge: Harvard University
Press, 1948.

NOTE:

We have recently rec.ivcd the Chinese Character Indexes by Ching-yi Dough-
ty, Sydney M. Lnmb and Somuul E. Martin, 5 volumes, University cf California
Press, 1963. In volume I of this work, pp. xix-xxi, rules are given for thL auto-
matic conversion between Guoyeu Romatzyh and Pinyin systems. Some similarities
were observed between these rules and those in sections II-E, II-F, and IV of
this paper. A critical comparison of these sets of rules will be forthcoming.


